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DETAILED ACTION 
Priority 

1. Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-(d), which 
papers have been placed of record in the file. 

Claim Objections 

2. Claim 2 is objected to because of the following informalities: the claim recites the 
term "several tens microns." This is not proper English. Appropriate correction is 
required. 

Claim Rejections - 35 USC §112 

3. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

4. Claims 1-20 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

5. In claim 1, the applicant claims a "composite" comprising a "base material 
radiating a large amount of heat at a high-temperature phase, in combination with a 
phase-change substance." The term "composite" coupled with the phrase "in 
combination with" indicates to the examiner that the applicant is claiming a mixture of a 
phase change substance and another "base" material. No indication of a layered 
structure is present in this claim. However, in the specification, the applicant's invention 
seems to be directed primarily towards a two-layer laminate, comprising a reflecting 
base layer, and a phase-change material layer deposited on the base layer. It is unclear 
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to the examiner from the claim language whether the applicant is claiming a composite 
mixture or a two-layer laminate. The same issue is also present in claim 13. Clarification 
is required. 

6. In claims 7 and 17, the applicant requires that the base material be made of 
silicone, alumina, orzirconia. However, on page 13 of the specification, the applicant 
indicates that silicon, alumina, or zirconia are suitable base materials. It is unclear to the 
examiner whether the applicant intended to' claim "silicone" instead of silicon. However 
as only silicon is supported by the specification, the examiner believes the claim to 
silicone is in error. 

7. Claims 2, 7, and 17 recite the term "or the like". The phrase "or the like" renders 
the claim(s) indefinite because the claim(s) include(s) elements not actually disclosed 
(those encompassed by "or the like"), thereby rendering the scope of the claim(s) 
unascertainable. See MPEP § 2173.05(d). Correction is required. 

8. In claim 1 9, the applicant requires that the composite material be affixed to a 
surface either directly or via an intervening heat-substance. This claim is dependent on 
claim 13, which requires that the composite be mounted either directly or indirectly to an 
object. It is unclear to the examiner why claim 19 requires that the composite be 
mounted "either directly" to a substrate, as this limitation appears to be already present 
in claim 13. Clarification is required. 

9. Claims 12 and 20 require that the heat controller be applied to an object, wherein 
the object includes an "electric or electronic circuit used in a space vehicle, including a 
man made satellite and a spaceship." It is unclear to the examiner exactly what "object" 
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the applicant is claiming. Is the applicant claiming applying the composite to a circuit, i.e 
a computer chip or circuit board present in a space vehicle, or simply applying this 
coating any portion of a satellite or spaceship? Clarification is required. 

10. The terms "high-temperature" "low-temperature," "large," "small," and "high 
reflectivity" in claims 1 and 13, and "several" in claim 2, are relative terms which render 
these claims indefinite. The terms stated are not defined by the claims, the specification 
does not provide a standard for ascertaining the requisite degree, and one of ordinary 
skill in the art would not be reasonably apprised of the scope of the invention. 
Correction is required. 

Claim Rejections - 35 USC § 103 

1 1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

12. Claims 1-5, 7-9, and 12-20 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Okamoto et al. (US2001/0027856A1) in view of Teeg et al 
(US3565671). 

13. For the purpose of this examination, the examiner has interpreted claim 1 as 
requiring a base layer of a highly reflective material and a second layer of a phase 
changing material on the highly reflective base material, wherein the phase changing 
material exhibits metallic properties at the low temperature phase, insulating properties 
at the high temperature phase, high heat radiation at the high temperature phase, low 
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heat radiation at the low temperature phase, and high reflectivity to thermal infrared 
radiation at the low temperature phase. Further, for the purpose of this examination, the 
examiner has assumed that the claim to a base material of "silicone" made in claims 7, 
and 17 is in error, and that the applicant intended to claim "silicon," as "silicon" is 
supported by the specification (page 13) and "silicone" is not. 

.14. The limitations "formed by either a coating method, printing method with a thick 
film, a depositing method or the like," in claim 2, and "laminated onto" in claims 8 and 18 
are product-by-process limitations and is do not appear to be further limiting in so far as 
the structure of the product is concerned. "[E]ven though product-by-process claims 
are limited by and defined by the process, determination of patentability is based on the 
product itself. The patentability of a product does not depend on its method of 
production. If the product in the product-by-process claim is the same as or obvious 
from a product of the prior art, the claim is unpatentable even though the prior product 
was made by a different process." In re Thorpe, 777 F.2d 695, 698, 227 USPQ 964, 
966 (Fed. Cir. 1985). See MPEP § 2113. 

15. Okamoto et al. teaches a heat control device suitable for use on an artificial 
satellite or spacecraft (page 1, section 1). This heat control device comprises a variable 
phase substance arranged on the heat radiation surfaces of a spacecraft. The variable- 
phase substance is a manganese perovskite oxide that undergoes a phase transition 
around room temperature. This substance has the characteristics of a metal at the low 
temperature phase, and the characteristics of an insulator at the high temperature 
phase. Further, this substance has a low heat radiation ratio at low temperature, and a 
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high heat radiation ratio at high temperature (page 1, section 0016). Figure 2 clearly 
shows that this material exhibits higher infrared reflectivity in the low temperature phase 
as opposed to the high temperature phase. Thus, the material regulates the amount of 
heat radiated from the surfaces of the spacecraft on order to control the internal 
temperature of the spacecraft (page 1, section 2). This phase-change material is 
mounted in the form of a film on the heat radiation surfaces of a spacecraft, and so is 
light-weight and space saving (page 1-2, section 0019). This film is typically several 
hundred microns thick (page 2, section 0022). The examiner takes the position that the 
"several hundred" micron thick film taught by Okamoto et al. meets the thickness 
limitation of claim 2. Claim 2 requires the phase change material to have a thickness 
"from one to several tens microns." A 200 micron thick film could also be reported as 
having a thickness of 20 "tens microns". Thus, the limitations present in claim 2 are met. 
Okamoto et al. further teaches that when this material is mounted on a position that 
receives sunlight, a silicon plate transparent to thermal infrared but opaque to sunlight 
may be positioned in front of the variable phase substance in order to minimize sunlight 
absorption (pages 1-2, section 19). This material is applied to a surface via 
conventional means, such as crystalline adhesion, powder coating, or other affixing 
means (page 2, section 24). 

16. Okamoto et al. does not teach a composite material comprising a highly reflective 
base material that has been coated with a layer of phase-change material. Further, 
Okamoto et al. does not teach a heat controller that comprises a base and a phase- 
change coating, wherein the base is thicker then the phase change coating. In addition, 



Application/Control Number: 09/900,771 Page 7 

Art Unit: 1773 

Okamoto et al. does not teach a heat controller comprising a base layer made of a 
material selected from the group consisting of silicon, alumina, partially stabilized 
zirconia, or the like, wherein the base has flexibility. 

17. Teeg et al. teaches a passive thermal control system for an enclosure such as a 
spacecraft or an artificial satellite, which comprises a surface of a highly reflective 
material such as aluminum, and a coating of a phase change material such as 
vanadium dioxide deposited on the exterior face of the reflective surface (column 3, 
lines 23-31). V0 2 exhibits a thermally induced change in radiation transmissivity at a 
predetermined temperature (Column 1, lines 13-17) and an increase in system 
reflectance with increasing temperature (column 2, lines 50-55). The highly reflective 
metal surface can be a coating deposited on the body surface, wherein the VO2 is then 
deposited on the coating, or if the body surface is manufactured out of a metal such as 
aluminum, the outer surface may be polished to a mirror finish, and the V0 2 coating 
may be disposed directly onto the polished substrate surface (column 3, lines 40-47). 
Although, Teeg et al. does not teach a reflective surface comprising alumina (AL2O3), 
the examiner takes the position that the limitations of claims 7 and 17 are met, as it is 
well known that a thin layer of aluminum oxide (AI2O3) forms on almost every surface of 
aluminum, unless special precautions are taken to prevent this oxidation. Although the 
phase change layer reflects some of the incident energy impinging on it while it is in the 
high temperature phase, much of the energy is transmitted through the material. The 
purpose of the highly reflective surface is to ensure that almost all of the incident radiant 
energy impinging on the body is radiated back into space when the body is above the 
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transition temperature of the phase change coating (Column 4, lines 47-55). Thus, the 
reflective layer enhances the ability of the system to radiate heat into space at high 
temperature. 

18. Therefore it would have been obvious to one with ordinary skill in the art at the 
time the invention was made to modify the heat control device taught by Okamoto et al. 
by providing a reflective aluminum surface base (in the form of a coating or polished 
aluminum substrate) adjacent to the side of the heat control device that is mounted to 
the substrate. 

19. One would have been motivated to make this modification due to the increase in 
the ability of an object such as a satellite or spacecraft to radiate heat into space at high 
temperature. 

20. The examiner acknowledges that the Okamoto et al. perovskite MnO phase 
change material and the V0 2 phase change material taught by Teeg et al. possess 
opposite material properties. However, both patents are directed towards solving a 
common problem, the maintenance of the temperature of a spacecraft or satellite. The 
Okamoto et al. material maintains the temperature by regulating the amount of heat 
radiated from the surfaces of the object. At low temperature, the Okamoto et al. material 
is reflecting, and thus preventing energy from radiating into space. Conversely, at high 
temperature, the material is transmissive, thereby allowing energy to be radiated and 
cool the internal temperature of the object. Teeg et al. teaches that a reflective 
aluminum surface ensures that almost all of incident radiation is radiated back into 
space, thus preventing a rise in temperature due to external radiation at high 
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temperature. Thus, the addition of a reflective aluminum surface not only provides a 
suitable surface for radiating energy, but also ensures that virtually no external energy is 
absorbed by the surface, thereby increasing radiation efficiency. Thus, there is 
motivation to add a reflective aluminum surface to the heat control device taught by 
Okamoto et al. Further, although neither patent discloses a that the thickness of the 
"base" upon which the heat control device is mounted is thicker then the layer of phase 
change material, the examiner takes the position that this limitation is met by the 
combination of these two patents, particularly in the case where the heat control device 
is applied to a surface that is manufactured of polished aluminum. These surfaces are 
typically the exterior panels of satellite, which necessarily would be thicker then the 
"several hundred micron" coating taught by Okamoto et al. Thus, the limitations of 
claims 3 and 14 are met. 

21. Claims 1, 6, and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Okamoto et al. as modified by Teeg et al., further in view of Hasuda et al. 
(US4666760). 

22. Okamoto et al. as modified by Teeg et al. teaches all of the limitations of claims 1 
and 6 except for those limitations stated below. 

23. Okamoto et al. as modified by Teeg et al. does not teach a heat control device 
comprising a base layer coated with a layer of phase change material, wherein the base 
layer has a thickness between 10-100^m. 

24. Hasuda et al. teaches a flexible optical solar reflector (OSR) for use on artificial 
satellites (column 1, lines 5-14). This OSR comprises a heat radiation layer made of a 
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poly-diphenylether, and a thin layer of a solar reflecting material such as aluminum 
formed on the heat radiation layer (Column 3, lines 25-60). The thickness of the heat 
radiation layer is 10-300 microns, and the thickness of the aluminum layer is 500-9000 
angstroms. This multilayer material has excellent ultraviolet and radioactive ray 
resistance, low solar light absorption, and high thermal emittance. Further, this material 
is flexible, and can be applied over curved surfaces (column 4, lines 16-23). 

25. Therefore it would have been obvious to one with ordinary skill in the art at the 
time the invention was made to use replace the aluminum coating taught by Okamoto et 
al. as modified by Teeg et al. with the flexible OSR material taught by Hasuda et al. 

26. One would have been motivated to use this material due to the flexibility of the 
curved OSR material. 

27. The examiner acknowledges that there is no teaching in Hasuda et al. to use the 
flexible OSR material as a base layer in a heat-regulating device. However, the 
reflective aluminum material taught by Okamoto et al. as modified by Teeg et al. and the 
flexible OSR material are providing the same function (heat radiation with low solar 
absorption) on the same platform (satellites). Further, both materials have an aluminum 
layer that provides a desired level of solar energy reflectance. The benefit of the 
Hasuda et al. material is that it is flexible and can be formed around curved surfaces. 
Thus, because both the aluminum layer taught by Okamoto et al as modified by Teeg et 
al. and the flexible OSR material taught by Hasuda et al. perform equivalent functions, 
and because the Hasuda et al. material is flexible, there is motivation to combine the 
references. 
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28. Claims 1 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Okamoto et al. as modified by Teeg et al. further in view of Bjorndahl et al. 
(US6005771). 

29. Okamoto et al. as modified by Teeg et al. teaches all of the limitations of claims 1 
. and 10 as stated above, except for those limitations stated below. 

30. Okamoto et al. as modified by Teeg et al. does not teach thermally connecting a 
heat controller to an object via an appropriate intervening adhesive. 

31. Bjorndahl et al. teaches an electronics packaging structure useful for cooling 
spacecraft electronics equipment modules. The structure in general comprises a 
radiator panel, and at least one circuit chip package mounted on the radiator panel. The 
structure may further comprise a quantity of thermally conductive adhesive positioned 
between the integrated circuit chip package and the radiator panel to enhance heat 
conduction to the radiator panel (column 1 , lines 25-42). - 

32. Therefore it would have been obvious to one with ordinary skill in the art at the 
time the invention was made to incorporate a layer of thermally conductive adhesive 
between the heat control device taught by Okamoto et al. as modified by Teeg et al. and 
the surface upon which the heat control device is mounted. 

33. One would have been motivated to make this modification due to the teaching in 
Bjorndahl et al. that a layer of thermally conductive adhesive enhances the transfer of 
heat from a heated element to a radiator panel in spacecraft, and the teaching in 
Okamoto et al. that the heat control layer may be applied via any conventionally known 
affixing means. 
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Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Nikolas J. Uhlir whose telephone number is 703-305- 
0179. The examiner can normally be reached on Mon-Fri 7:30 am - 5 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Paul Thibodeau can be reached on 703-308-2367. The fax phone numbers 
for the organization where this application or proceeding is assigned are 703-872-9310 
for regular communications and 703-872-931 1 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-305- 
0389. 




May 9, 2002 



Pau! Thibodeau 
Supervisory Patent Examiner 
Technology Center 1 700 



